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FY 2001 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 2000

BUDGET ACTIVITY: 3 PROGRAM ELEMENT: 0603217N
PROGRAM ELEMENT TI TLE: Air Systens and Wapons Advanced Technol ogy

(U COST: (Dollars in Thousands)

PRQIECT
NUMBER & FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 FY 2004 FY 2005 TO TOTAL
TI TLE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE COVPLETE ESTI MATE
R0446 Advanced Avioni cs Subsystens
4,674 3,430 3, 493 3, 586 3, 397 3,373 3,314 CONT. CONT.
R0447 Weapons Advanced Technol ogy
30, 833 26, 801 25, 249 25, 807 26, 005 23, 680 23, 444 CONT. CONT.
W2014 Integrated Hi gh Performance Turbi ne Engi ne Technol ogy (1 HPTET)
6, 946 7,171 6, 803 7,534 6,871 6, 822 6, 716 CONT. CONT.
R2455 Vectoring Extremely Short Take-off and Landing (ESTOL) Control Reduced Tail Operation Research (VECTOR)
4,832 4,411 4,122 0 0 0 0 0 13, 365
R2487 DP-2 Thrust Vectoring System Proof of concept denpnstration
1,942 3,978 0 0 0 0 0 0 5,920
R2700 RAMIET Propul stion Technol ogi es
0 2,984 0 0 0 0 0 0 2,984
TOTAL 49, 227 48, 775 39, 667 36, 927 36, 273 33, 875 33,474 CONT. CONT.

A. (U M SSI ON DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATI ON:  This program el enent (PE) denpbnstrates concepts for future air
pl atforms and surface/air weapons enployed in Naval Warfare. The denpnstrated concepts support the Joint Warfare Strategy
Forward...fromthe Sea" and relate to the Joint Mssion Areas of Strike, Littoral Warfare, and Intelligence Surveillance
and Reconnai ssance. Projects in this PE are jointly planned in the Defense Science and Technol ogy Reliance process with
the Air Force and Arny through panels of the Director Defense Research and Engi neeri ng.
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(U Strike technology issues relevant to this PE include surgical lethality, platformsurvivability, affordability and

i ncreased Naval gunfire range and accuracy. Littoral Warfare technology issues relevant to this PE include air battl espace
dom nance, expeditionary forces air support, ship self-defense and increased Naval gunfire range and accuracy. Intelligence
Surveillance and Reconnai ssance technol ogy i ssues relevant to this PE include platformm ssion endurance and survivability.
Seven projects are executed within the PE:

(U) Advanced Avi onics Subsystens (AAS): The AAS program has as its goal the denonstration in real-time on an enbedded

avi oni cs processor of an annotated, geo-referenced, 3D perspective out-the-w ndow scene of the terrain and target/threat
environment external to the aircraft. The programw |l provide the follow ng functional capabilities: a) the ability to
performin-flight mssion preview, b) the ability to ingest, view and obtain precision targeting solutions from off-board
sensor image updates; c) the ability to performin-flight mssionreplanning; and d) the ability to share a Comrmbn Tacti cal
Picture anong multiple platforns

(U Weapons Advanced Technol ogy: Denpbnstrates energi ng sub-systenf conponent |evel weapons concepts which prom se

af fordabl e and significant perfornmance inprovenments to both existing and next generation Naval Air and Surface |aunched
weapons. These efforts in this area will denonstrate the achi evemrent of the tinme-phased Air and Surface Wapons Technol ogy
(ASWI) goals, which will maintain and increase the Naval Air and Surface Weapons capability edge through the 21 century.

(U Integrated Hi gh Performance Turbine Engi ne Technol ogy (I HPTET): Provides experinmental engine testing of new gas
turbine engi ne technol ogi es to denonstrate readi ness and reduce technical risk for entering engineering devel opnent. | HPTET
is a Tri-Service programin which each Service contributes established shares of 6.2 and 6.3 funding and | aboratory
resources to nmeet specified goals of doubling thrust-to-weight ratio, halving fuel consunption by the year 2003 (relative
to a 1987 baseline) and reducing acquisition and mai ntenance costs. Additional enphasis has been incorporated to address
Hi gh Cycle Fatigue issues, which may be associated with propul sion system design system defici enci es.

(U Vectoring ESTOL Control Reduced Tail Operation Research (VECTOR) Program An international cooperative programwth
Germany. VECTOR will utilize the X-31 aircraft to develop, flight denonstrate, provide quality metrics and operational
concept fornulation and validation of ESTOL and supporting thrust vectoring technol ogies. The programw |l also devel op an
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Advanced Air Data System (AADS) (specifically and uniquely designed to operate even at extrenme angles of attack) and will
expl ore reduced vertical tail/directional controls.

(U The DP2 Thrust Vectoring System A this programis a denmonstration of a proof-of-concept of a reduced-scale flight
test vehicle. The vehicle concept is a vertical take-off and landing (VTOL) aircraft of advanced conposite construction,
utilizing thrust vector control.

(U The Navy Sci ence and Technol ogy (S&T) programincludes projects that focus on or have attributes that enhance the
affordability of warfighting systens.

(U) JUSTI FI CATI ON FOR BUDGET ACTIVITY: This programis budgeted within the ADVANCED TECHNOLOGY DEVELOPMENT Budget Activity
because it enconpasses design, devel opment, simulation, experinmental testing or prototype hardware. It is also necessary to
val i date technol ogical feasibility and concept of operations to reduce technological risk prior to initiation of a new
acquisition programor transition to an ongoi ng acqui sition program

B. (U PROGRAM CHANGE SUMVARY FCR TOTAL P.E.:

FY 1999 FY 2000 FY 2001
FY 2000 President’s Budget 47, 398 42,046 37, 969
Appropriated Val ue - 49, 046 -
Adj ustnents from FY 2000 PRESBUDG
SBI R/ STTR Tr ansfer - 607 0 0
Executi on Adj ust ment 2,654 0 0
Pr ogr am Adj ust ment 0 0 1,971
Inflation Rate Adjustment -218 0 0
Vari ous Rate Adjustnents 0 0 -291
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Congr essi onal Resci ssi ons 0 -271 0

MI1/C v Pay Rates 0 0 18
Congr essi onal Adds

DP-2 Thrust Vectoring 0 4,000 0

RAMIET Propul sion 0 3, 000 0
FY 2001 President’s Budget 49, 277 48, 775 39, 667

(U) CHANCGE SUMVARY EXPLANATI ON:

(U) Schedul e: Not Applicable.
(U) Technical: Not Applicable.
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U) COST: (Dollars in Thousands)

>RQJECT
\UMBER & FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 FY 2004 FY 2005 TO TOTAL
M TLE ACTUAL ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE COVPLETE PROGRAM

0446 Advanced Avi oni cs Subsystens (AAS)
4,674 3,430 3, 493 3, 586 3, 397 3,373 3,314 CONT. CONT.

U) M SSI ON DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATI ON: Thi s proj ect denonstrates commerci al -of f-the-shelf (COTS) technol ogy
systens that will facilitate the introduction of new functionality (e.g., 3 dinensional (3-D) perspective scen

risual i zation, pilot/crew workl oad reduction, on/off-board sensor data fusion, mssionreplanning, etc.) into existing Navy
tfircraft and future platfornms in a cost-effective manner. The project includes: (a) Advanced Vi sualization and Data Fusion
Software (AVDFS); (b) scal abl e open architecture project (SOAP); (c) advanced interconnect technol ogy; and (d) the desig
ind build of an Advanced M ssion Conputer and Display (AMC&D)-1ike processor. Individual performers and tasks are selecte
o maxim ze the probability of transfer of successful results to Navy and other systenms. This project addresses the Join
/i sion 2010, Navy Science and Technol ogy (S&T) Requirenments Guidance, ...Forward From The Sea, and theoutyear plans of
several naval aviation prograns (e.g., F/A-18, Air Conbat El ectronics, Tactical Aircraft M ssion Planning, AV-8B, Join
Strike Fighter (JSF) and others). Key objectives include providing better technol ogy transparency, reducing software costs
)pening currently closed avionics architectures, protocol-independent hi gh-speed/ hi gh-bandw dth databases, and ability t
ntroduce new functionality for effective joint warfighting.
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\. (U) PROGRAM ACCOWPLI SHVENTS AND PLANS:

1.

(Y)

FY 1999 ACCOWPLI SHMENTS:
(U Initiated:
- (U) Devel oped a baseline capability to incorporate and display infrared sensor inmagery with AVDFS 3-D
visual i zati on sof tware.
- (U Integrate AVDFS with the Tactical Aircraft Mssion Planning System (TAWPS) and Joint M ssion Pl anning
Segment (JMPS) mission planning systens to provide m ssion rehearsal and preview capability. Prototype versions
of AVDFS were used to support Operation Allied Force.
- (U Initial investigations on high efficiency interface protocols to inprove network bandw dth efficiency.
- (U Inplenentation of 3-D perspective scene generation into enbedded hardware architecturally consistent with
AMC&D t echnol ogy insertion Architecture.
- (U Initial software portability across processors, operating systens network types and object request
br okers.

(U) Continued:

- (U To develop the capability to execute 3-D perspective scene generation software in real-tine on enbedded
avi oni cs hardware. The devel opnent methodology will involve the iterative use of software sinulation techniques in
conjunction with the progressive use of proposed Advanced M ssion Conputer and Di splay (AMC&D) hardware.

- (U Geo-registered i nage nposaicing techni ques and data conpression technology required to fuse i nagery from
nmul tiple sources and bring in information from of f-board.

- (U Refining inmage generation software for portability to multiple comrercial-off-the-shelf (COIS) graphics
engines. Mgration of AVDFS to multiple platforns including the entire Silicon Gaphics Inc. (SG@) product |ine
and W ndows New Technol ogy (NT) | NTEL-based processors.

- (U Performance anal ysis and devel opment of Common Obj ect Request Broker Architecture (CORBA) in a real-tine
determ nistic system

- (U) Performance anal ysis and devel opment of CORBA in a real-tinme determnistic system
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(Y

- (U Incorporation of Real-tine Database Managenent System
- (U) Definition of network requirements and capabilities for an information intensiveunified system

(U) Conpl et ed:

- (U) Denonstration showi ng the revised AVDFS software (called PowerScene I1) to: 1) Execute across multiple
platforms (SA /IR X, PC/W ndowsNT, PC/ Wndows 98, SUN Solaris); and 2) incorporate/exploit inage and terrain

dat abases fromthe National |magery and Mappi ng Agency (N M).

- (U Integration of AVDFS with TAMPS 6.2 m ssion pl anni ng software.

- (U) Denp which shows a baseline capability to incorporate and display infrared (IR) sensor imagery w th AVDFS
3-D visualization software.

- (U Integration of signal processing node into the SOAP architecture based on COTS technol ogy.

- (U Investigation of using processing resources on the Optical Backpl ane I nterconnect System (OBIS) backpl ane as
t he enbedded resource for visualization algorithns.

- (U Fault tolerant/dynam c reconfiguration in a Real -tine CORBA environnent.

- (U Performance nodeling process devel opnent to be used throughout project life.

(U) Advanced Avioni cs I nterconnect Technol ogy

(U) Continued:

- (U) Devel opnent of extrenely high-speed and hi gh-bandw dth protocol independent optical data network based on
COTS technol ogi es and techni ques. Technol ogy | everages fiber optic technol ogi es devel oped by the comerci al

t el ecommuni cations industry. This effort seeks to replace the current M L-STD 1553 bus technol ogy.

- (U Evaluation of optical interconnect conponents for ships and aircraft under joint Naval Sea Systens
Command ( NAVSEA)/ Naval Air Systens Conmand (NAVAIR) Dual -Use Sci ence and Technol ogy (S&T) project agreenent.

- (U Integration of key conponents for High Speed Optical Networks.

FY 2000 PLAN:

(U Initiate:
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(Y

FY

- (U) Devel opnent of the baseline capability to execute AVDFS software in near real-time on the Navy's next
generation enbedded m ssion conputer — AMC&D (target AMC&D build 2).

- (U) Definition and devel opnent of AVDFS functionality to showase the ability to performa Tine Critical Strike
(TCS) mi ssion scenario in conjunction with real-tinme execution on AMC&D.

(U) Continue:

- (U) Devel opnent and denpnstration of interoperability with operational avionics hardware.

- (U) Devel opnent of the capability to execute 3-D perspective scene generation software in real-tinme on enbedded
avi oni cs har dwar e.

- (U Geo-registered i nage nosaicing techni ques and data conpression technology (required to fuse inmagery from
nmul tiple sources and bring in information from of f-board)

- (U Real-tinme CORBA eval uation

- (U Evaluation of high efficiency interconnect protocols.

(U Conpl ete:

- (U Of-board interface definition

- (U) Performance anal ysis and devel opment of CORBA in a real-tine determnistic system

- (U Real-tinme Database Managenent System and Mass Menory trade study.

- (U) Definition of network requirements and capabilities for an information intensive unified system
- (U Systemdesign for FY 2001 denpnstration hardware and software architectures.

- (U Prototype pilot interface for visualization software.

2001 PLAN:

(U Conpl ete:

- (U) Denopbnstration showing the capability to execute AVDFS software in real-tine on the Navy's next generation
embedded m ssion conputer — AMC&D processor.
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- (U) Denopbnstration showing the tactical utility of AVDFS in performng a TCS mi ssion scenario in conjunction with
real -ti me execution on AMC&ED.

- (U Hardware, operating system prototype based on AMC&D hardware. Prototype may require supplenental processing

el ements for sone inmage fusion conputations.

- (U 3-Dvisualization in enbedded hardware.

- (U Integration into denpnstration environnent.

- (U Characterization of system perfornance and transition into engi neering, manufacturing and devel opnent ( EM&D)
products.

3. (U PROGRAM CHANGE SUMMARY: See total program change sunmary for P.E.
> (U OTHER PROGRAM FUNDI NG SUMVARY: Not appl i cabl e.

(U RELATED RDT&E: This program adheres to Defense Reliance Agreenments for Sensors, Electronics and Battl espace
Envi ronment (Integrated Platform El ectronics).

(U Work in this Program El enent (PE) is related to and fully coordinated with efforts in the follow ng PEs:

PE 0601152N (I n-House Lab | ndependent Research)

PE 0601153N (Def ense Research Sci ences)

PE 0602111N (Air and Surface Launched Weapons Technol ogy)
PE 0602122N (Aircraft Technol ogy)

0602202F (Human Systens Technol ogy)

PE 0602204F (Aerospace Avi oni cs)

PE 0602234N (Materials, Electronic and Conputer Technol ogy)
PE 0602708E ( Cockpit Autononous Landi ng)

PE 0603231F (Crew Systens and Personnel)

PE 0603238N (Precision Strike and Air Defense Technol ogy)
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(U PE 0603792N & 0603792F (Advanced Technol ogy Denonstrati ons)
(U PE 0603800N & 0603800F (Joint Strike Fighter (JSF) DEM VAL)
(U PE 0603253F (Advanced Avionics Integration)

D. (U) SCHEDULE PROFILE: Not applicable.
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U) COST: (Dollars in Thousands)

>RQIECT
\UMBER & FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 FY 2004 FY 2005 TO TOTAL
M TLE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE COVPLETE PROGRAM

0447 Weapons Advanced Technol ogy
30, 833 26, 801 25, 249 25, 807 26, 005 23, 680 23, 444 CONT. CONT.

A (U M SSION DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATION: This project will reduce technical riskby perform ng technol ogy
Jenonstrations in guidance and control, ordnance, Guns and Launchers, fire control air breathing propulsion and airfranm

ier onechani cs sub-systenf conponent concepts. It builds on the foundation of research energing from Navy and I ndustr

\ppl i ed Research projects funded by PE 0602111N prograns whi ch prom se affordabl e perfornmance inprovenents to existing an
1ext generation Naval air and surface | aunched weapons. The elenments of the project addresses Joint M ssion Area (JMA
equirements for increased capabilities in surgical lethality of weaponry (Strike JMA), increased ship self defens
;apabilities (Littoral Warfare JMA) and increased accuracy and range for Naval Surface Fire Support (Strike and Littora
IMAS) .
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1.

(U) PROGRAM ACCOWPLI SHVENTS AND PLANS:

(Y)

FY 1999 ACCOWPLI SHVENTS:

(U Cruise Mssile Real Tinme Retargeting Denonstration (CVRTR):

- (U) Denpbnstrated the Build 1 Laser Detecting and Rangi ng Seeker (LADAR) in the |lab which includes the adaptive
strike planning and fixed/ npbile target automatic target recognition software, and Tomahawk 6 DOF sinul ation.

- (U Finished nodification of the T-39 test aircraft to accept the Build 1 LADAR sensor. This task included
desi gn and fabrication of the nechanical/electrical interface assenblies, wring harnesses, and interface boards
to the | ab.

- (U Conducted successful Flight testing of the Build 1 solid state LADAR on the T-39 aircraft. 17 out of 17
successful runs with automatic target recognition (ATR) functioning correctly. Operated multiple successful
LADAR targeting runs against urban targets in conjunction with Marine Corps training in Yuma Arizona.

- (U Continued fabrication of Build 2 sensor for delivery in FY 2000.

- (U Mdified the T-39 test aircraft to accept the Build 2 LADAR sensor. This task includes designing and
fabricating the nechanical/electrical interface assenblies, wiring harnesses, and interface boards to the I|ab.

(U) Surgical Strike Adaptive Video Control and Data Conmuni cati on System

- (U This task devel ops and denpnstrates advanced vi deo conpressi on and Radi o Frequency (RF) nodul ati on/ codi ng
technol ogy for a podless digital weapon control data link systemfor use in joint strike operations

- (U Began flight test planning for FY 2000 system verification and testing.

Integrated termnals into ground test platforns.

Ground tested nultiple termnals.

Integrated termnals into flight test platforns.

Refined system | evel performance requirenents.

Conti nued Performance prediction analysis of weapon control data |link system

Perforned | aboratory integration testing of term nals.
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- (U Finished design, devel opnent, and fabrication of RF, nodem network control, processor, and central
processor subnodul es.

- (U) Conpleted platformintegration approach/design.

- (U) Defined electrical and nmechanical term nal interfaces.

Concentric Cani ster Launcher (CCL):

Conti nued Tomahawk Conputational Fluid Dynam cs (CFD) nodel validation.

Proceeded wi th hatch design and fabrication.

Mai ntai ned efforts for fabrication of prototype |aunch system hardware.

Conti nued design and fabrication of canister interface electronics unit.

Conpl et ed denonstration of all up distributed control system

Conti nued devel opnent of fiber optical Local Area Network (LAN) architecture.

Conducted SM2 Bl k IV restrained firing.

Conduct ed Tomahawk Land Attack M ssile (TLAM Land/ Sea flyout test via LAN and CCL el ectronics.
Conduct ed Evol ve Seasparrow M ssile (ESSM and decoy el ectronic devel opnment.

=
CECECCEEE

(U) Concurrently Engineered (CE) Ball-Joint G nbal for Joint Strike Weapon:
- (U Started CE seeker flight tests and denonstration.

- (U Conducted CE seeker integration and test, ground, rooftop, Hardware In The Loop (H TL) tests.
- (U Finished integration of CE ginbal hardware and flight test pod.

- (U Conpleted ground, rooftop, HITL, flight tests, and program docunentation.

(U) Shared Aperture: This task enables the devel opnent and denonstration of w deband multifunction RF systens
wi th shared apertures and el ectronics to performthe functions currently perfornmed by nultiple RF systenms, in
particul ar radar, conmunications and El ectronic Warfare (EW systens.

- (U Constructed test prototype.

- (U Finished final design for open architecture multifunction RF system
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(U) High Speed Mssile Technology (Fornerly Hypersonics): This task will denpnstrate airframe propul sion

gui dance & control and ordnance technol ogi es of the dual conbustion ranjet for potential next generation Navy
hi gh speed strike m ssiles.

- (U Began initial design of dual conbustion ranjet test vehicle.

- (U Developed test plan for free jet testing of the ranmjet.

- (U) Devel oped prelinmnary design of the test stand.

(U Land Attack and Deep Strike (LADS) Wapon Technol ogy: This task will denonstrate the capability to
substantially inprove the m ssion planning and execution times for |land attack and deep strike missions for both
surface and submarine | aunched tactical strike weapons such as Tactical Tomahawk, Fasthawk, Navy Tacti cal

M ssil e System (NTACMS), and the Land Attack Standard Mssile (LASM. The denpbnstration uses the follow ng

t echnol ogy devel oped in the 6.2 Wapons program (PE 0602111N): Wapon/target pairing, Bonb Damage |dentification
(BDI') from Synthetic Aperture Radar (SAR) processing, dobal Positioning System (GPS)/Inertial Measurement Unit
(I'MJ) attitude accuracy for 3 dinensional (3-D) precision targeting, algorithnms for rapid Tomahawk m ssion

pl anning, and rapid tactical area mapping.

- (U) Defined prelimnary operational concept for the LADS weapon denonstration

- (U Produced an initial top level architecture for the m ssion planning system

- (U ldentified conponents of the previous 6.2 program products that will be transitioned to the LADS weapon
denonstration.

- (U Reviewed software and hardware conponents of 6.2 elenents (e.g. GPS/IMJ, BDI SAR, etc) transitioning to
the LADS denonstration. ldentify the nodifications required to integrate the conponents into the denobnstration.

(U Integrated Hi gh Payoff Rocket Propul sion Technology (IHPRPT): This task will denonstrate high kinetic
performance air |aunched rocket notor technol ogies. These technologies will be integrated into a 5 -8 dianeter
flight weight rocket notor and denmpnstrated in ground tracking. Technol ogies denonstrated will include
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al um ni zed and non-al um ni zed reduced snoke propellants; |ight weight, high strength/stiffness conponent case;

hi gh pressure conmbustion; thrust vector control (TVC) (integrated aero/ TVC and aft mounted jet reaction control);
and a |ight weight, |ow erosion nozzle.

- (U Optim zed reduced snoke solid propellant grain geonetry and burn rate characteristics.

- (U Conducted static firing of subscale rocket motors at increasing chanber pressures to verify propellant
speci fic inpul se.

- (U Analytically evaluated conposite case strength.

(U) Precision Strike Navigator (PSN):

Continued test preparation and integration.

Continued Inertial Measurenent Unit (IMJ) fabrication.

Conpl eted wafer material & structure devel opment and characterization.
Continued wafer fabrication

EEEE

(U FY 2000 Pl an:

(U) CVRTR:
(U Conplete flight testing of Build 1 LADAR
Fi ni sh devel opment of critical nobile target algorithm
Conduct synthetic scene generation work for hardware in the |oop testing.
Denonstrat e adaptive strike planner executive allocator.
Conduct ground test of Build 2 LADAR

(
(
-
( Begin flight testing of Build 2 LADAR

ceecee

(U) Surgical Strike Adaptive Video Control and Data Conmuni cati on System
- (U Finish F/A-18 systemintegration studies.
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- (U Conplete Flight testing of Surgical Strike system Denonstrate real time video and high bandw dth
capacity in F/A-18 flight test aircraft.

CCL:
(U Conplete Standard Mssile Il, Block IV restrained firing test.
(U Finish CCL conceptual design for ship integration
- (U Conclude CCL life cycle cost study.
(Y
(Y

Perforned integration/testing of TLAM SM 2, Torpedo, and conpl ex node el ectronics.
Produce final report.

(U) High Speed M ssile Technol ogy

- (U Perform conponent and subsystemintegration for dual conmbustion ranjet propul sion systemtesting
- (U Fabricate test stand for free jet testing

- (U Conduct subsystemverification testing for dual conbustion ranjet free jet testing

- (U) Develop final design of dual conbustion ranjet test vehicle.

(U LADS weapon denpbnstration:

- (U) Develop a detailed architecture and system design for the mission planning system configuration

- (U Define the interface requirements between the software interfaces of the rapid m ssion planning, tactical
area mappi ng, and weapon/target pairing conponents.

- (U Test the coupled GPS/IMJ attitude accuracy for 3-D precision targeting

- (U Begin inplenentation of planning systemintestbed.

- (U) Denonstrate an affordable strike weapon seeker and data link systemin a captive carry flight test.

(U) Ship Based Defense Denpnstration: This task will denpbnstrate the technol ogies for increasing the
ef fecti veness of ship based defense systenms in tracking and killing supersonic, maneuvering crui se mssiles.
The task builds on the followi ng PE 0602111N tasks: interactive adaptation of fire control to the environnent,
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Non- Uni form ty Conpensated Focal Plane Array (NUCFPA), and clutter processing. Three technol ogy denonstrations

will be conprised of two conponents. The adaptive weapon control denonstration will denmonstrate the feasibility
of increasing weapon performance by inproving the ability of the weapon to adapt to changi ng propagation
environments. The other conponent will inprove the performance of the weapon warhead agai nst maneuvering targets

by i npl enenting alternative warhead concepts.

- (V) Eval uate and anal yze the effectiveness of two alternative warhead designs, the reactive material warhead and
the mniature ained warhead. These warhead desi gns were devel oped in the PE 0602111N Air and Surface Wapons
Technol ogy (ASWI) program A down select will be nmade to select the best alternative for a kill nechani sm agai nst
a maneuvering threat.

- (U Conduct weapon systemintegration study of shipboard electro-Optic (EO) trackers, weapons control systens,
and mniature command/link receivers. This will result in a down sel ect between command gui dance and conmand
waypoi nt gui dance.

(U) | HPRPT:

- (U) Develop high strength, light weight, high pressure conposite case rocket notor

- (U) Develop and test |ow no erosion nozzle throat insert materials and test to determne suitability
- (U Static test subscale | ow erosion nozzles at high pressure to determ ne erosion characteristics

(U) PSN:

- (U Conplete wafer fabrication

- (U Conplete IMJ fabrication and testing.
- (U Docunent results of denpnstration

(U Advanced Common El ectroni ¢ Modul es (ACEMs) :

(U Conpl ete:
- (U) Devel opnent and testing of ACEMs that will be snmaller, and have | ess power consunption and hi gher

performance than their anal og counterparts, while acconplishing all the requisite acquisition, transm ssion and
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di gital processing of Radio Frequency (RF) signals over a very wi de frequency range (50 MHz to 45GHz). The
famly of ACEMs consists of advanced anal og-to-digital technology and will be integrated to create systens capable
of performng nultiple functions. This enhances affordability through a 10-fold projected decrease in systens

wei ght and power consunption, a 15-fold increase in systens performance, and substantial Life Cycle Cost savings.
Thi s program and technol ogy transitioned from PE 0602122N at the end of FY99.

FY 2001 Pl an:

(U COMRTR:

- (U Conduct flight testing of Build 2 LADAR using T-39 test aircraft.

- (U Test and verify in flight the performance of the Autommtic Target Recognition (ATR) capability of the
CVRTR system

- (U Conplete effort by conducting flight test and denonstration of the Adaptive Strike Planning and auto
routing capabilities of the CVMRTR system

(U) High Speed M ssile Technol ogy

- (U Begin advanced airfrane testing activities to evaluate performance of different design alternatives in the
Mach 4+ environnent.

- (U Conduct conponent and subsystemintegration of advanced airfrane desi gn conponents.

- (U Test the ordnance operation and performance in the Mach 6+ environment. Evaluate and test nultiple
ordnance configurations such as Unitary warheads, kinetic penetrator structures, and nultiple subnmunition
configurations.

- (U) Devel op Safe-arm and fuzing technol ogies that are effective at the term nal speeds of a high speed

m ssil e.

(U) LADS strike weapon denonstration
- (U Finalize design of mssion planning system
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- (U Initiate nodifications required to integrate the conponents into the LADS denpnstration (i.e. the

devel opment of enhanced nission planning capability and open systenms avionics architecture for “smart” loitering
weapon system).

- (U Incorporate and test algorithms for responsive Tactical Tomahawk loiter/retargeting planning into testbed.
- (U Modify tactical area mapping and BDI assessnent conponents to interface with the m ssion planning
conponents. Test and refine interfaces between mapping and BDl el erents.

- (U Provide a prelimnary design for fire control applications for additional strike weapons such as Fasthawk
and Land Attack Standard Mssile (LASM.

- (U Refine and test Tacair targeting capability.

- (U Conduct a flight denonstration of an affordable strike weapon carrying a seeker and Data Link system

(U) Ship Based Defense Denonstration:

- (U Evaluate the integration interaction of shipboard neteorol ogi cal sensors with weapon control conponents
and weapon doctrine systens. Define rules for radar sensitivity variations in different propagation environnents
and identify and optimze AM SPY-1 Sensitivity Time Control (STC) notch setting for maxi num performance in a

wi de range of propagation environments. Begin prelimnary design of a decision aide to assist operator in
adapting radar sensitivity settings for optinmm perfornmance based on a changi ng propagati on environnment.

- (U Using warhead configuration selected in prior year, design and build a prototype warhead that provides a
significantly inproved kill capabilities against the maneuvering cruise mssile threat and can be adapted to
current self defense missile systens.

- (U) Design and prototype the airframe control conponents that are necessary to provide the endgane

maneuverability for a higher probability of kill (Pk) against the maneuvering threat.

(U Milti-Target Air-to-Air Mssile Denonstration: This project will denonstrate an i nexpensive RF seeker that
can locate and track nultiple targets in an air-to-air engagenent involving a lead aircraft, his w ngman, and an
enenmy aircraft. The RF seeker will be conformal (i.e. mounted on the nissile body) thereby freeing up the nose

section of the mssile to acconmpdate a second seeker. The second seeker can be configured to provide a higher
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| evel of precision tracking in the end game of the missile engagenent and thereby significantly increasing

m ssile Pk and inproving the exchange ratio in the post merge air to air engagenent. This denpnstration
transitions the ASWI Surface Wave Antenna advanced seeker project in PE 0602111N.

- (U) Devel op detail ed seeker performance requirenents

- (U Modify processor design and algorithmto support greater RF angul ar precision

- (U) Develop prelimnary seeker transmitter/receiver packagi ng and conmercial off the shelf (COTS) electronic
desi gn.

(U I HPRPT Technol ogy:

- (U Evaluate high performance/low | oss thrust vector control concepts for air |aunch

- (U) Downselect to the nbst promi sing thrust vector control concept and static fire at |ow pressure.

- (U Conbine propellant, case, nozzle, and case technology into full scale (7' '-8 'dianeter) notor. Static fire
the notor to determ ne the performance characteristics.

(U) Shape Menory Alloy (SMA) Actuator: This effort will denonstrate the proof of concept for areconfigurable
rotor systemthat can be applied to i nprove range and weapon carryi ng capacity for UCAVs during precision strike
and close air support operations. This programw || build upon prior sub-scale, shape nenory alloy technol ogy
efforts sponsored by Defense Advanced Research Projects Agency (DARPA).

- (U Refinement and re-scaling of a sub-scale actuator design concept.

- (U Integration of a large scale, shape nenory alloy actuator into the rotor blade of a test aircraft.

(U  PROGRAM CHANGE SUMVARY: See total program change summary for P.E.

(U OTHER PROGRAM FUNDI NG SUMMARY:  Not Applicabl e
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(U RELATED RDT&E:
P

0601152N (I n House Lab I ndependent Research)

0601153N (Defense Research Sciences)

0602111N (Air and Surface Launched Wapons Technol ogy)
0602122N (Aircraft Technol ogy)

0602234N (Materials, Electronic, and Conputer Technol ogy)
0602602F (Conventional Munitions)

0603238N (Precision Strike and Air Defense Technol ogy)
0603609N (Conventional Munitions)

0603601F (Advanced Weapons)

0207133F (F-16 Squadrons)

0203730A (Chaparral M ssile)

EDULE PROFI LE: Not applicable.
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(U COsT: (Dol lars in Thousands)

>RAJIECT

JUMBER & FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 FY 2004 FY 2005 TO TOTAL
M TLE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE COVPLETE PROGRAM
2014 I ntegrated Hi gh Performance Turbi ne Engi ne Technol ogy (I HPTET)

6, 946 7,171 6, 803 7,534 6,871 6, 822 6, 716 CONT. CONT.

A (U M SSI ON DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATI ON: This project covers the Navy's share of the denobnstrator engin
xf forts under the Departnment of Defense (DoD)/National Aeronautics and Space Admi nistration (NASA) |ndustry |HPTET progran

:nsuring that Navy uni que design and operational requirenents are net. Full scale integrated technol ogy denonstration i
issential to validate and transition technol ogies from applied research through advanced devel opnent and into syste
Jenonstration/validation, engineering and manufacturing devel opnent or product lines. Wthout technol ogy denmonstrators

system acqui sition cost and schedul e risk would increase to unacceptable | evels or weapons systens woul d have degrade
perational performance. The |lack of technol ogy denpbnstrator efforts could result in system devel opnent schedul e i ncrease
f five or nore years along with the associated increase in cost. The technology sets integrated into and denpnstrated i
he | HPTET denpnstrator engines are closely related to the systemrequirenents for the Joint Strike Fighter (JSF), F-18E/F
ommon Support Aircraft (CSA), Miulti-mission Maritine Aircraft (MVA), Tactical Tomahawk, SH- 60R, and other future Nav
slatforns, so that the transition of these high risk and hi gh payback technol ogi es may be effectively acconplished. |

iddi tion, I HPTET technol ogies can transition to current |egacy systens via engine Conponent | nprovenent Prograns (ClP).
strong and viable U.S. propul sion program al so provides a dual -use benefit to our country by enhancing our conpetitivenes
n the international comercial engine market. This long term project, coordinated through Reliance, will provide for th
uture needs in air battlespace dom nance and expeditionary forces support (Littoral Warfare Joint Mssion Area (JMA))
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Tur bi ne Engi ne Technol ogy

ncreased platform m ssion endurance (Intelligence, Surveillance, and Reconnai ssance JMA) and provide technol ogy fo
ncreased affordability and platform survivability and i ncreased m ssion effectiveness (Strike JMA). The program fund

hree denonstrator engine cl asses. Each engi ne cl ass has specific performance goals that are divided into nmultiple phases
hase | has been conpleted and denponstrated for each of the three classes of denobnstrators. Phase Il is currentl
yyogressing to the engi ne denmonstration phase, for all of the advanced conponent technologies, in thecurrent fiscal year.
The Phase Il concepts were devel oped and have been initiated. The phase goals of each engine class are listed as follow
ind are referenced to a 1987 baseline (additional affordability goals have been devel oped for fighter/attack an

ur boprop/ shaft cl asses):

(U Fighter/attack (Joint Technol ogy Denpbnstrator Engi ne (JTDE)):

Phase | - 1991: +30%thrust/wei ght (Fn/W), +100 % conbustor inlet tenperature (CIT), +300 % turbine inlet
tenmperature (TIT), -20% fuel burn.

Phase Il - 1997: +60% Fn/ W, +200 % CIT, +600 % TIT, -20% acquisition cost, -20% mai ntenance cost, -30% fuel burn.
Phase 111 - 2003: +100% Fn/W, +400°PFF CI T, +900°% TIT, -35% acquisition cost, -35% maintenance cost, -40% fuel burn.
(U) Turboprop/shaft (Joint Turbine Advanced Gas Generator (JTAGG):

Phase | - 1991: +40% shaft horsepower/wei ght (SHP/W), -20% specific fuel consunption (SFC), +300°% TIT.

Phase Il - 1997: +80% SHP/ W, -30% SFC, +600 % TIT, -20% acquisition cost, -20% maintenance cost.

Phase |11 - 2003: +120% SHP/ W, -40% SFC, +1000 % TIT, -35% acquisition cost, -35% maintenance cost.

(U M ssil e/ expendabl e engi nes (Joi nt Expendabl e Turbi ne Engi ne Concepts (JETEC)):

Phase | - 1991: +35%thrust/airflow (Fn/Wa), -20% SFC, +1100 9 CIT, +500 TIT, -30% Cost.

Phase Il - 1997: +70% Fn/W, -30% SFC, +1200 °F CIT, +900 % TIT, -45% Cost.

(U) Phase Il - 2003: +100% Fn/Wa. -40% SFC, +1400°F CIT, +1400 % TIT, -60% Cost.

(U Each engi ne conpany (Allison Advanced Devel opment Conpany (AADC) (I N) Honeywel | International Engi nes and Systens
(formerly AlliedSignal Engines) (AZ), CGeneral Electric (GE) (OH & MA), Pratt & Wiitney (P&W (CT & FL), Tel edyne
Continental Mdtors Engine Division (fornmerly Tel edyne Ryan Aeronautical) (OH and WIllians International (W) (M))
attenpts to utilize at least two engine builds or denpbnstrator tests within each Phase to denpbnstrate the performance

R-1 Line Item 17

UNCLASSIFIED

Budget Item Justification
(Exhibit R-2, page 23 of 32)



UNCLASSIFIED

FY 2001 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 2000
3UDGET ACTIVITY: 3 PROGRAM ELEMENT: 0603217N
PROGRAM ELEMENT TI TLE: Air Systens and PRQJECT NUMBER: \W2014
Weapons Advanced Technol ogy PRQIECT TI TLE: I nt egrated Hi gh Perfornmance

L.

Tur bi ne Engi ne Technol ogy

goals. The JETEC goals are divided into denonstrating SFC and Cost for a subsonic denonstrator and Fn/Wa, CIT, TIT
and Cost for a supersonic denonstrator.

U) PROGRAM ACCOWPLI SHVENTS AND PLANS:

(Y

(Y

FY 1999 ACCOWPLI SHVENTS:

FY

(U) Continued:
- (U Phase Il JTDE: Conpleted Pratt & Wiitney (P&WN Phase ||l denonstrator engine testing, achieving +41%n/W
( XTE66/ 1) .

- (U Phase Il JTAGG Conpleted fabrication, assenbly and instrunentation of initial Honeywell (formerlyAllied
Si gnal Engi nes (ASE) denonstrator engine.

- (U Phase Il JETEC. Conpleted assenbly and instrunmentation of both Wllians International (W) and Allison
Advanced Devel opnent Conpany (AADC) supersoni c denpnstrator engines.

- (U Phase Il JTDE: Conpl eted source selections with P&V and General Electric (GE/ AADC) and initiated designs.
- (U Phase Il JTAGG Initiated design of (CGE/ AADC) denpbnstrator engine.

- (U Phase Il JETEC. Conpl eted source selection with W and initiated design. Continued design and fabrication
of ASE denpnstrator engine.

2000 PLAN:

(U) Continue:
- (U Phase Il JTDE: Conplete fabrication, assenbly, and instrunentati on of AADC denpnstrator engine

- (U Phase Il JTAGG Initial denonstrator engine test. Conponent optinization and second build of denonstrator
engi ne to neet Phase Il goals

- (U Phase Il JETEC. Conpl ete denpbnstrator engine test at W and AADC to achi eve Fn/Wa and cost goal s.

- (U Phase Il JTDE: Design of Phase Il denonstrator engines

- (U Phase Il JTAGG Design of Phase Ill denpbnstrator engines

R-1 Line Item 17
Budget Item Justification
(Exhibit R-2, page 24 of 32)

UNCLASSIFIED



UNCLASSIFIED

FY 2001 RDT&E, N BUDGET | TEM JUSTI FI CATI ON SHEET DATE: February 2000
3UDGET ACTIVITY: 3 PROGRAM ELEMENT: 0603217N
PROGRAM ELEMENT TI TLE: Air Systens and PRQJECT NUMBER: \W2014
Weapons Advanced Technol ogy PRQIECT TI TLE: I nt egrated Hi gh Perfornmance
Tur bi ne Engi ne Technol ogy
- (U Phase Il JETEC. Design and fabrication of Phase Il|l denpbnstrator engines
3. 2001 PLAN:

)

(Y FY

(U) Continue:
- (U Phase Il JTDE: Denobnstration of Phase Il goals w th GE/ AADC denpnstration engine.

- (U Phase Il JTAGG Denpnstration of Phase Il goals with Honeywel | denpbnstrati on engi ne.

- (U Phase Il JTDE: Fabrication, assenbly and instrunentation of GE/ AADC and P&W denobnstrator engi nes and
denonstration of Pratt & Whitney progress toward Phase |11 goals.

- (U Phase Il JTAGG Design, conponent devel opnent and fabrication of denonstrator to neet Phase II1 goals.
- (U Phase Il JETEC:. Design, conponent devel opnent and fabrication of denponstrator engines to neet Phase 111
goal s.

PROGRAM CHANGE SUMVARY: See total program change sunmmary for P.E.
(U) Schedul e: Not applicable.
(U) Technical: Not applicable.
(U OTHER PROGRAM FUNDI NG SUMVARY: Not applicable.

(U RELATED RDT&E:
P

(Y

ccccccce

E 0601152N (I n-House Lab | ndependent Research)

PE 0601153N (Def ense Research Sci ences)

PE 0601102F (Defense Research Sci ences)

PE 0601102A (Def ense Research Sci ences)

PE 0602122N (Aircraft Technol ogy)

PE 0602234N (Materials, Electronic and Conputer Technol ogy)
PE 0602203F ( Aerospace Propul sion)

PE 0602211A (Avi ation Technol ogy)

PE 0603202F (Aircraft Propul sion Subsystem I ntegration)
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(U PE 0603216F (Advanced Turbi ne Engi ne Gas Generator)
(U PE 0603003A (Avi ation Advanced Technol ogy)
D. (U SCHEDULE PROFILE: Not applicable.
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U COSTS: (Dollars in Thousands)

SRQUECT

NUMBER & FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 FY 2004 FY 2005 TO TOTAL

I TLE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE ESTI MATE COWVPLETE PROGRAM
455 Vectoring Extrenely Short Take-off and Landi ng (ESTO_) Control Reduced Tail Operation Research (VECTOR)

4, 832 4,411 4,122 0 0 0 0 9,778

A (U M SSI ON DESCRI PTI ON AND BUDGET | TEM JUSTI FI CATI ON The Vectoring ESTOL Control Reduced Tail Operation Research (VECTOR
xffort is an international cooperative programwi th Germany. This task is a followon to a previous X-31 thrust vectorin
Iight denmonstration, also with Germany as our partner. That effort utilized engi ne exhaust thrust vectoring vanes (TW) t
yroduce thrust vectoring and was limted to nedium and high altitude fighter maneuvering. ESTOL and Reduced tail/directiona
sontrol were not addressed in the previous program VECTOR rejoins Germany as a partner, who brings vectored thrust, vectore
hrust flight control, and Advanced Air Data System (AADS) (flush port) expertise. VECTOR will utilize the X-31 aircraft t
Jlevel op, flight denponstrate, and provide quality netrics and operational concept formulation and validation of ESTOL and
supporting thrust vectoring technologies. The programw Il also devel op an AADS (specifically and uni quely designed t

)perate even at extrenme angles of attack) and will explore reduced vertical tail/directional controls using thrust vectorin
vith a first-ever fully integrated flight, engine and thrust vectorin¢ control and an AADS. Pay-offs for such technol ogi es and
soncepts include reductions in requirenents for runways for expeditionary operations, reductions of catapult and arrestin
jear and wi nd-over-the deck requirenents, decreased aircraft catapult and arresting | oads (decreased airframe fatigue)
Jecreased flight controls conplexity, |ower devel opment and acquisition costs, and decreased aircraft weight, observability,
ind mai nt enance costs. O her benefits include significantly higher take-off and | ower |anding energy (which would reduc
ivircraft fatigue), and increased safety of flight (due to significantly reduced out-of-control flight incidents). VECTC
esults will be applicable to tactical aircraft and unmanned aerial vehicles.
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(Y

FY

PROGRAM ELEMENT TI TLE: Air Systens and Weapons Advanced Technol ogy PRQIECT NUMBER: R2455
PRQIECT TI TLE: Vect ori ng
ESTOL Control Tailless
Oper ati on Research
( VECTOR)

1999 ACCOWVPLI SHVENTS

e L T N R T T T N e N R T T N

ceeceeee_

SEeLcEeLees

—

cee

nitiated:

Aircraft reactivation.

ESTOL concept and requirements definition.

Initial ESTOL pilot displays and pilot in-the-loop sinulation.

ESTOL nodel i ng and sinul ation.

W nd tunnel testing, supporting concept and requirenents definition.

Updat e of ESTOL aerodynam cs data set.

System design for installation and integration of X-31 flight controls, engine controls and thrust vectoring

trols.

Wnd tunnel testing of X-31 integrated systens (in both the U S. and Germany).

Requirements definition for X-31 flight control nodifications.

Requi rements definition and planning for nodifications to X-31 thrust vectoring controls.

Requi rements definition and planning for nodifications to X-31 engine controls.

Design and fabrication of an Advanced Air Data System (AADS) (flush port).

Ground test of an AADS (conducted in Gernmany).

Devel opment of ESTOL and reduced vertical tail/directional stability concepts.

ESTOL and reduced vertical tail/directional stability simulation and ground tests, including w nd tunnel
ng.
Fl i ght - hardwar e-i n-the-1oop sinul ati on devel opnent.
Flight control conputer reactivation.

Initial real-time sinmulation activation.
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FY 2000 PLAN

nitiate:

Flight control |aw devel opnent

Anal ysis and reporting requirenents definition.

Anal ysi s and reporting nmethodol ogi es and syst ens.

Aircraft integration of an Advanced Air Data System (AADS).

Design and fabrication of a final design (mniaturized) AADS (flush port).

Requi rements anal ysis, design and integration requirements for reduced vertical tail/directional control.

Modi fications to X-31 flight control software.

Modi fications to X-31 thrust vectoring controls.

Modi fications to X-31 engine controls.

Advanced ESTOL flight control software (Operational Flight Program (OFP)) devel opment validation and
ication (V&Y).

Fl i ght devel opment and denopnstrati on of ESTOL technol ogi es.

Fl i ght devel opment and denonstrati on of AADS.
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(U) Continue: (additional work funded in previous years in PE 0603790N):
- (U) Devel opnent and ground test of an AADS.

(U) Continue:
- (U ESTOL and vertical tail/directional control reduction concept and requirenents definition.
- (U ESTOL and reduced vertical tail/directional control reduction concept simulation and ground tests.
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- (U ESTOL and reduced vertical tail/directional control concept and requirements definition wi nd tunnel

testing.
- (U ESTOL nodeling and sinulation and aerodynam ¢ data set update.

- (U Requirenents definition for X-31 flight control software validation and nodification.
- (U Requirenents definition and planning for nodifications to X-31 thrust vectoring controls and engine

controls.

- (U Systemdesign for installation and integration of X-31 flight controls,
vectoring controls.

- (U Flight control |aw devel opnent.

Ground test of an AADS (conducted in Gernmany).
Fl i ght - hardwar e-i n-the-1oop sinulati on devel opnent.

ccee

(U Complete (additional work funded in previous years in PE 0603790N):
- (U Initial design, fabrication and installation of the initial AADS.
- (U First AADS devel opnent flights.

(U Conpl ete:

U Aircraft reactivation.

U) Reactivation functional check flights.

U Initial ESTOL cockpit display devel opnent.
U)

U)

U)

Initial ESTOL devel opment flights.
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Initial aircraft nodifications for thrust vectoring technol ogy devel opnent.
Initial ESTOL flight software (OFP) devel opnent and validation and verification.

engi ne controls and thrust

Extensive wi nd tunnel testing of X-31 integrated systenms (in both the U S. and Gernmany).
Design and fabrication of an Advanced Air Data System (AADS) (flush port).
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- (U Flight control conputer reactivation.
- (U Real-time simulation activation.
(U Initial ESTOL Aero Data Set.

. FY 2001 PLAN:

(U Initiate:
- (U Advanced ESTOL flight software (OFP) devel opnent, validation and verification
- (U Flight demonstration of miniaturized AADS

(U) Continue:

System design installation and integration of X-31 flight controls, engine controls and thrustvectoring
controls.

- (U Gound and flight test of ESTOL system

- (U Extensive wind tunnel testing of X-31 integrated systens.

- (U ESTOL pilot displays and pilot in-the-loop sinulation.

- (U ESTOL Aero Data Set.

(U Continue (additional work funded in previous years in PE 0603790N):
- (U Requirenents analysis, design and integration of a final design (mniaturized) AADS (flush port).

3. (U PROGRAM CHANGE SUMMARY: See total program change summary for P.E.

> (U OTHER PROGRAM FUNDI NG SUMVARY: Not appl i cabl e.
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(U RELATED RDT&E: This program adheres to Defense S&T Reliance Agreenents for Air Platfornms (Fi xed Wng Vehicles).
PE 0601101F ( Geophysi cs)
PE 0601102F (Materi al s)
PE 0601153N (Def ense Research Sci ences)
PE 0602122N (Aircraft Technol ogy)
PE 0602201F (Aerospace Flight Dynanics)
PE 0602203F ( Aerospace Propul sion)
PE 0602234N (Materials, Electronic and Conputer Technol ogy)
PE 0602204F (Aerospace Avi onics)
0603112F (Advanced Materi al s)
PE 0603202F ( Aerospace Propul sion Subsystens |ntegration)
PE 0603205F (Flight Vehicle Technol ogy)
PE 0603211F (Aerospace Structures)
PE 0603216F ( Aerospace Propul sion and Power Technol ogy)
PE 0603245F (Advanced Flight Technol ogy Integration)
PE 0603790N ( NATO Research and Devel opnment)
PE 0603800N & 0603800F (Joint Advanced Stri ke Technol ogy Program

cccccccccceccceee
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D. (U) SCHEDULE PROFI LE: Not applicable.
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